Background: As guidelines and payers increasingly recommend use of patient decision aids (DAs), evidence about the comparative effectiveness of available DAs is critical for organizations interested in implementing them. The primary purpose of this study was to compare 2 DAs with regard to their ability to help patients become informed and receive their preferred treatment (that is, make an informed patient-centered decision), shared decision-making, surgical rates, and surgeon satisfaction.
Clinical Relevance: Surgeons need to ensure that patients with osteoarthritis are well-informed and have a clear preference regarding whether to undergo hip or knee replacement surgery. The DAs used in this study may help surgeons involve patients in elective surgery decisions and meet the requirements of informed consent. C linical guidelines for treatment of osteoarthritis emphasize the importance of informing patients about surgical and nonsurgical options and engaging patients in shared decision-making to determine the best treatment. Patient decision aids (DAs) are educational tools that support shared decision-making, and studies have shown that DAs reduce decisional conflict and improve knowledge scores compared with those associated with usual care 1 . Slover et al. discussed the importance of shared decision-making in orthopaedics and emphasized the need for more research into the best type and content of DAs, the feasibility of integration into practice, and surgeon acceptance 2 . Recently, the Washington State Health Care Authority certified DAs for selected conditions, including 3 for hip and knee osteoarthritis, and national certification efforts were under way 3, 4 . The certified DAs vary in format, content, and level of interactivity. As DAs proliferate and efforts to integrate shared decision-making into routine care expand, understanding the comparative effectiveness of different interventions is critical.
A key goal of shared decision-making is aligning treatments to patients' preferences 5 . However, studies have shown a very limited impact of DAs on this outcome 1 . Furthermore, studies suggest that surgeons do not meaningfully explore patients' preferences [6] [7] [8] . Interventions may need to target both patients and surgeons to achieve fully shared decision-making 9 . To that end, patient and surgeon advisors helped design a surgeon intervention, called a patient preference report, to promote discussion of patients' goals and treatment preferences.
The DECIDE-OA study was designed to evaluate the comparative effectiveness of 2 certified DAs (a long, linear DA compared with a short, interactive DA) with and without a surgeon-focused intervention (patient preference report versus usual care). Specifically, we tested the following hypotheses: (1) use of the long, detailed DA would result in more informed patient-centered decisions and higher knowledge scores than the short DA; (2) use of the short, interactive DA would result in more patients having a clear treatment preference than the long DA; and (3) surgeon intervention (instead of usual care) would increase the number of patients receiving their preferred treatment.
Materials and Methods

T he reporting follows the CONsolidated Standards Of
Reporting Trials (CONSORT) guidelines and Standards for UNiversal reporting of patient Decision Aid Evaluation (SUNDAE) guidelines 10, 11 . The Partners Human Research Committee was the central institutional review board and approved all study activities. This study is registered in ClinicalTrials.gov (NCT02729831). Details on the design, interventions, and hypotheses are available in the published study protocol 12 .
Design
The multisite study was a 2 · 2 factorial randomized trial (see Table I for details on the study arms) at 3 sites with 8 surgeons. Surgeons at each site were assigned to 1 of 2 groups matched with regard to patient volume and years in practice. One group was randomly assigned to administer usual care and the other, to receive the patient preference report. Patients were randomly assigned to receive either the short DA or the long DA, stratified by site. Patients received the DA before the visit and were surveyed before the visit and after use of the DA (T1); at 1 week after the visit (T2); and 6 months later or, if they had surgery, 6 months postoperatively (T3). Surgeons who received the patient preference report did so before the visit. Neither the study participants nor the study staff were blinded to the interventions. The statistician conducting the analyses was blinded to the study arms.
Whenever there was a post-randomization exclusion, the allocation was reassigned to the next available new patient to maintain the randomization sequence. The threat to validity was minimal since the process of identifying the next patient was based on the date of scheduled visits, which did not allow for human manipulation. 
Interventions
The short DAs (Healthwise, 2016) were Knee Osteoarthritis: Is It Time to Think About Surgery? and Hip Osteoarthritis: Is It Time to Think About Surgery?"; these DAs are available as online interactive tools (which were used in this study) and can also be printed as 12-page brochures 13, 14 . The long DAs (Health Dialog, 2016) were "Treatment Choices for Knee Osteoarthritis," which is available as a 43-minute DVD and 52-page booklet, and "Treatment Choices for Hip Osteoarthritis," which is available as a 45-minute DVD and 44-page booklet 15 . These DVDs and booklets were used in this study; the same content is available online. The patient preference report included patients' responses to 3 items: (1) 3 activities that the patient wanted or needed to do but was unable to do because of knee or hip symptoms, (2) treatment preference, and (3) the main goal for the visit. A sample report is provided in the Appendix.
Outcome Measures
The primary outcome was the informed patient-centered decision, a binary variable derived from responses to the short version of the Hip/Knee Osteoarthritis Decision Quality Instrument 16 , which was administered after the patients used the DA and before they visited the surgeon (T1) and shortly after the surgeon visit (T2). The short version contains 5 decision-specific knowledge items and 1 treatment preference item (surgery, nonsurgical, or not sure). The knowledge items are summed into a knowledge score (0% to 100%). The informed patient-centered decision variable is the percentage of patients who have a knowledge score of ‡60% and who received their preferred treatment within 6 months after the visit. The informed patient-centered decision variable is a National Quality Forum (NQF)-endorsed measure that is associated with improved outcomes 5 . The treatment received-i.e., joint replacement surgery (within 6 months after the visit) or nonsurgical treatment-was self-reported by the patients or collected via chart review. Secondary outcomes included shared decision-making, decisional conflict, overall and disease-specific quality of life, and surgical rates. The Shared Decision Making Process (SDMP) survey, administered at T2, is a 4-item survey that assesses dis-cussion of nonsurgical options, pros and cons of surgery, and patient preferences 17, 18 . The total score ranges from 0 to 4, with higher scores indicating more shared decision-making. The SDMP survey has been endorsed by the NQF as a measure of shared decision-making for elective surgery. Overall health status was measured at T1 with the EuroQol 5-Dimensions (EQ-5D) score, a 6-item summary measure with scores ranging from 20.11 (worst) to 1.0 (perfect) health 19, 20 . At T1, the Knee injury and Osteoarthritis Outcome Score (KOOS), which has been used extensively to assess patients' opinions about their knee, was completed as well 19, [21] [22] [23] [24] [25] . Finally, the Harris hip score (HHS) was used at T1 to assess pain, function, range of motion, and deformity of each hip; scores range from 0 to 100, with higher scores indicating less dysfunction [26] [27] [28] .
Age, sex, race/ethnicity, comorbidity (Charlson comorbidity index), body mass index (BMI), insurance status, literacy (evaluated with the Single Item Literacy Screener 29 ), and DA usage were collected via self-report and chart review.
Eight surgeons completed a short survey after the visit for a random sample of 30% of the enrolled patients. The survey included 7 items about the surgeon's satisfaction with the visit, the duration of the visit, the treatment recommendation, and the surgeon's perception of the patient's treatment preference and of the patient's satisfaction.
Analyses
Responders and non-responders were compared across groups to examine non-response bias. We also examined the balance of demographic and clinical characteristics across the arms of the study. For patient-reported measures, missing data were handled according to established protocols for the validated surveys.
The sample size calculations included consideration of potential interaction effects and clustering of patients within surgeons. The target sample of 280 in each of the 4 arms at T1 provided an 89% power to detect a difference in informed patient-centered decisions of 18%-i.e., the difference between 65% for patients using the short DA and 83% for those using the long DA.
There was no interaction between the DA and surgeon groups; therefore, separate analyses were conducted for each. For the comparisons of the surgeon groups, we performed regression modeling to adjust for imbalances in patient characteristics. No adjustments were needed for the DA groups. For the T1 outcomes (those assessed before any patient contact with the surgeon), patients were treated as independent observations. For the T2 outcomes, we used the generalized estimating equation (GEE) approach to account for clustering of patients within surgeons. We used the intention-to-treat approach in the testing of all hypotheses.
The heterogeneity of the treatment effect (HTE) analyses tested the interaction between interventions and different factors on study outcomes. Specific hypotheses regarding subgroups were explored, including the impact of age, literacy, DA use, and mode of delivery (online versus paper) on knowledge scores as well as the impact of age, sex, literacy, baseline symptom scores, DA use, and mode of delivery on treatment preferences, informed patient-centered decision rates, and surgical rates.
Exploratory analyses were performed using logistic regression with the GEE approach to examine the impact of prior experience with DA use, sex, age, literacy, DA use, and pre-visit treatment preference on surgeon satisfaction with the visit and perception of the duration of the visit.
All analyses were conducted with SAS version 9.4 (SAS Institute).
Results
F igure 1 shows the flow of patients across the study. Of note, 275 subjects were excluded after randomization, mainly because they did not show up for their appointment (n = 243). Responders to the T1 survey were slightly younger than nonresponders (mean age and standard deviation, 65 ± 10 compared with 66 ± 10 years; p = 0.02) and more likely to have knee osteoarthritis (66% compared with 58%; p = 0.007), but they did not differ by sex, mode of DA delivery, site, or study arm. Responders at T2 were slightly older (mean age, 65 ± 10 compared with 63 ± 10 years; p = 0.009) and more likely to have Medicare insurance (29% compared with 24%, p = 0.04) but did not differ with regard to any other factors. Table II provides the sample characteristics of T1 responders. The sample was well balanced across the DA arms. Four factors (education, BMI, joint, and EQ-5D) were not balanced across the surgeon arms; however, the magnitudes of the differences were not clinically meaningful.
Informed Patient-Centered Decisions
Before the visit and after use of the DA, 40.7% of the patients met the criteria for informed patient-centered decisions and this did not vary by DA group (p = 0.38) or surgeon group (p = 0.24). After the visit, 67.2% of the sample met the criteria for informed patient-centered decisions, and again the rates were similar across the DA (p = 0.97) and surgeon (p = 0.23) groups. Exploratory analysis of HTE did not show any subgroup with a differential effect on informed patient-centered decisions.
Examination of the individual components of the informed patient-centered decision variable showed that the patients who used the short DA had a higher mean knowledge score at T1 (mean difference = 9%, 95% confidence interval [CI] = 6% to 12%; p < 0.001) and T2 (mean difference = 7%, 95% CI = 3% to 10%; p < 0.001). In both DA groups, the knowledge scores were higher for patients who reported more DA usage (Fig. 2) . HTE analyses showed a significant interaction between DA use and DA group (p < 0.001) with respect to knowledge at T1 and between age and DA group (p = 0.047) with respect to knowledge at T2 (Table III) . Figure 3 shows patients' preferred treatment before and after the visit. More than one-third of the patients did not have Pre-visit knowledge scores based on the amount of the DA that the patient reported reviewing.
a clear treatment preference at T1 (37.9% of those who used the long DA compared with 38.6% of those who used the short DA; p = 0.80). This percentage decreased considerably after the visit for both groups (10.5% and 10.4%, respectively, at T2; p = 0.99) (Table III) . Most patients received the treatment that they had preferred at T2 (73.7% of those who used the long DA compared with 72.7% of those who used the short DA, p = 0.75; 73.5% in the usual-care surgeon group compared with 73.0% treated by a surgeon using the patient preference report, p = 0.34). In the entire sample, 15.7% (n = 150) preferred surgery but did not receive it (Table IV) . Of those 150 respondents, 50 (33%) indicated that they had surgery scheduled in the future.
SDMP
The overall SDMP scores were similar across the DA and surgeon groups (2.5 ± 1.1 compared with 2.5 ± 1.2 [p = 0.45] for the DA groups). Most patients reported discussion of Patient-reported treatment preference before (T1) and after (T2) the visit. The path across the circles indicates the preferences at each time point.
The same color for both indicates no change in preference and a different color indicates those who changed their preference.
surgery (90.2%), the reasons to have surgery (78.9%), and their treatment preference (79.9%). Less than half reported discussion of reasons not to have surgery (44.5%) or of nonsurgical treatments (44.5%). HTE analyses showed significant interactions between literacy and DA group and between patient sex and surgeon group for SDMP scores (Table III) .
Surgical Rates
More than half of the sample (60.5%) had surgery within 6 months after the visit. Surgical rates did not differ across DA arms (62.5% in the long-DA group compared with 57.6% in the short-DA group; p = 0.07). There was also no difference in surgical rates between the surgeon groups (59.7% [patient preference report] compared with 60.5% [usual care]; p = 0.60). Exploratory analysis of HTE did not show any subgroup with a differential treatment effect.
Surgeon Satisfaction
We received 204 responses to 344 surveys given to the surgeons. Response rates varied significantly by site (9%, 87%, and 66%). Most surgeons were extremely or very satisfied with the visits (84.8%) and reported that the visit duration was either normal (68.6%) or shorter than normal (20.1%). These findings were consistent across DA and surgeon groups. Surgeons with prior experience using DAs (n = 133) had a higher satisfaction rate than those at a site at which use of DAs was new (n = 71) (92.9% compared with 69.0% were extremely/very satisfied; p < 0.001) and were more likely to report normal or shorter-than-normal visit duration (96.1% compared with 77.5%; p < 0.001).
Discussion
T his large, multisite randomized controlled trial provides important evidence on the comparative effectiveness of 2 certified DAs that vary in the amount of detail, level of interactivity, and use of patient narratives. Overall, both DAs performed well. The short DA was more effective in improving knowledge, particularly for younger patients, and it was also associated with higher reported shared decision-making for patients with low literacy. The surgeon intervention (patient preference report) did not have a measurable impact on outcomes. Participating surgeons reported high levels of satisfaction with both tools, and the majority did not perceive an increase in visit length with either.
The surgeon visit plays an important role in the decision-making process. Knowledge scores continued to be high after the visit, suggesting that the information in the DAs was reinforced by the surgeons and retained by the patients. Several studies of the long DA have demonstrated important benefits, including more patients making an informed choice 30 , higher knowledge, and lower decisional conflict 17, 31, 32 . This is the first study of which we are aware to examine the short DA, and contrary to our hypothesis it resulted in higher knowledge scores than the long DA.
The surgeon intervention (patient preference report) did not have a measurable impact on outcomes. Although the majority of the patient preference reports (494 [90%] of 550) were delivered to the surgeons for the patients who were intended to have that intervention, exit interviews with them suggest that it was not well-used during the visit. Rates of concordance between patient preferences and actual treatment were similar and high (about 73%) across the DA and surgeon arms. It may be difficult to increase these rates; however, for elective surgery decisions, ensuring that all patients receive their preferred treatment is important.
Concerns about reducing surgical rates and increasing visit duration are commonly cited barriers to DA use 2, 30 . Prior trials have shown that use of the long DA resulted in lower surgical rates compared with the rates for those who received the usual care (no DA) 1, 17, 33 , although one study showed increased surgical rates with DA use in an underserved population 34 . In our sample, the DAs did not appear to dampen enthusiasm for surgery. In fact, a substantial minority of patients wanted surgery but did not have it (about 10% across these sites). Furthermore, a minority of visits felt longer than normal to the surgeon, even at the site at which the use of DAs was new.
There are several limitations of the study. First, there were many post-randomization exclusions, predominantly due to patients cancelling their appointments. The no-show rate was similar to that found in a prior study at one site before the use of DAs 17 and did not appear to be impacted by the study. Second, the random assignment of surgeon clusters did not result in balanced patient groups, although the magnitude of the differences was not clinically relevant and not likely to have impacted the results. Third, the lack of a control group, the lack of blinding of staff and surgeons, and surgeons' self-reported limited use of the patient preference report may have biased results. Training and integration into the electronic health record may improve the usage and impact of patient preference reports. Fourth, the surgeon satisfaction scores may not be generalizable as all surgeons agreed to participate in the study, 2 of the sites had previously used DAs, and the response rate was very low at 1 site. 
